In their Letter [1], Schreck, Bertrand, O'Hern and Shattuck (SBOS) study nonlinearities in jammed particulate systems that arise when contacts are altered. From the scaling of the characteristic perturbation amplitude, δ c , at which a single contact is formed or broken in a system of N particles at a packing fraction ∆φ above the jamming threshold, they conclude that there is "no harmonic regime in the large system limit (N → ∞) for all compressions ∆φ" and "at jamming onset for any system size." Their argument rests on the claim that for finiterange repulsive potentials, of the form used in studies of jamming, the breaking or forming of a single contact is sufficient to destroy the linear regime. We dispute these conclusions and argue that linear response is both justified and essential for understanding the nature of the jammed solid.
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The claim that there is no linear regime in the thermodynamic limit is incorrect for ∆φ > 0. The SBOS argument clearly fails for any finite-range repulsive potential, such as the Hertzian interaction, which does not have a discontinuity in either of its first two derivatives at its cutoff. Here, the dynamical matrix is continuous so changes in overlap of less than some δ 0 > 0 have no appreciable effect on the force. Thus, even in the thermodynamic limit where δ c = 0, the harmonic approximation is valid for δ < δ 0 . A lower bound for δ 0 can be derived for this situation [2] . It is only for the special case of purely repulsive Hookian springs-the case treated by SBOS-that any problem could possibly arise.
Even for repulsive Hookian springs, the situation is more subtle than SBOS presented. There are two limits that must be taken: the limit N → ∞ and the limit δ → 0 where δ is the displacement amplitude. If δ → 0 before N → ∞ then again there is a well-defined linear regime. Moreover, if the limits are reversed (N → ∞ before δ → 0), the linear regime persists even if an extensive number of contacts are altered. In perturbation theory, the change of a single contact affects the density of states by at most
. For a finite-amplitude perturbation δ, there will be an extensive number, ∆N c , of such contact changes. However, we can always take δ small enough so that ∆N c /N ≪ 1. Therefore, there is always a well-defined linear regime as N → ∞ and the density of states and other harmonic properties are well defined. This is in agreement with the results of Ref.
[3].
The SBOS claim that "the density of vibrational modes cannot be described using the dynamical matrix" is tautologically incorrect because normal modes of vibration are by definition a linear approximation. Even for the repulsive Hookian potential, finite-amplitude vibrations will inevitably mix over time in the absence of contact changes due to nonlinearities in the energy landscape [2]. SBOS do not discuss the importance of time scales in quantifying the nonlinear deviations they observe. The relevant question for a given physical situation is whether mixing occurs on time scales of interest.
The fact that anharmonic effects dominate at the jamming phase transition (∆φ → 0) has been well established [3] [4] [5] [6] : it underscores the fragility of marginally stable packings. Despite the vanishing size of the linear regime, it is still essential to understand how linear quantities behave as ∆φ → 0 since the transition controls behavior at larger ∆φ where linear quantities are experimentally measurable. Moreover, an arbitrarily small linear regime presents neither a conceptual problem, because such linear quantities are defined in the δ → 0 limit, nor a practical problem, because the numerical methods that calculate these quantities from the dynamical matrix explicitly ignore higher order effects.
Finally, determining the linear response is clearly a necessary first step toward understanding nonlinear effects. For example, the energy barrier height has a strong dependence on mode frequency [5] , particle rearrangements are strongly correlated with quasi-localized low frequency modes [7] , and shock fronts in marginally jammed solids depend on how the sound speed vanishes [6] . Linear response thus provides an indispensable foundation for understanding jammed solids. It is therefore wrong to assert that harmonic quantities like normal modes and elastic constants are irrelevant.
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